Immunoglobulin A nephropathy (IgAN) showing predominant IgA and complement 3 (C3) deposition on the mesangium is an immune complex-mediated glomerulonephritis. This renal disease is the most common primary glomerular disease worldwide. However, infantile onset of IgAN is rare. In the present patient, urinary protein and occult blood were detected in a girl aged 1 year and 8 months on urinalysis at a nursery school. Despite being young, a kidney biopsy was performed for diagnosis and the correct choice of therapy. Glomerular mesangial cell proliferation and a double contour of the glomerular basement membrane (GBM) resembling a railroad track were noted on light microscopy. Therefore, the patient was diagnosed morphologically with membranoproliferative glomerulonephritis (MPGN), because mesangial hypercellularity and thickening of the GBM were identified. However, on immunofluorescent staining, the deposition of immune complexes mainly consisting of IgA, IgG, and C3 was noted in the mesangial region and glomerular capillary loops. On electron microscopy, electron-dense deposits were recognized in the subendothelial and paramesangial regions associated with mesangial cell interposition into the subendothelial space. Autoimmune diseases and infection-associated secondary glomerulonephritis were clinically excluded, because there were no relevant signs or symptoms. Steroid treatment was initiated and findings of urinalysis were normalized within 8 months. This patient was finally diagnosed with IgA nephropathy showing the features of MPGN. The present patient was the youngest among reported cases of IgA nephropathy, suggesting that early onset of IgAN is associated with an MPGN-like lesion. The present report provides information for pathogenesis of IgA nephropathy.
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Keywords: immunoglobulin A nephropathy; infantile; membranoproliferative glomerulonephritis; pathology; renal biopsy Tohoku J. Exp. Med., 2012 Nov, 228 (3), 253-258. © 2012 showing predominant IgA and complement 3 (C3) deposition on the mesangium is an immune complex-mediated glomerulonephritis that was first described by Berger and Hinglais (1968) . IgAN is the most common primary glomerular disease worldwide. However, the generating mechanism is not yet known and an antigen against IgA has not yet been identified (D'Amico 1987 (D'Amico , 2004 . The diagnosis of IgAN is determined by renal biopsy only. Clinical parameters including severe proteinuria, low estimated glomerular filtration rate (eGFR), and hypertension are known to be risk factors for poor prognosis (D'Amico 1987 (D'Amico , 2004 Li and Liu 2004) . The prevalence of IgAN is 30-40% of all biopsied patients or all patients with primary glomerulonephritis (Nakamoto et al. 1978; Johnston et al. 1992; Koyama et al. 1997 ). However, infantile onset IgAN is rare (Habib et al. 1973 (Habib et al. , 1974 Koyama et al. 1997) .
A girl aged 1 year and 8 months revealed urinary protein and occult blood on urinalysis at a nursery school. Renal biopsy revealed the proliferation of glomerular mesangial cells and a double contour of the basement membrane, the findings of which were similar to the features of type I membranoproliferative glomerulonephritis (MPGN). However, immune complexes mainly consisting of IgA, IgG, and C3 were deposited in the mesangial area and glomerular capillary loops, whereas typical primary MPGN usually shows C3 dominant deposition but no IgA deposition. Herein, we differentiate the diagnosis of the present case carefully as IgA nephropathy from primary MPGN, lupus nephritis, Henoch-Schönlein purpura nephritis, and infectious glomerulonephritis. Moreover, the present patient is the youngest among reported patients of IgA nephropathy. This background prompted us to present a case report.
Onset and Clinical Findings
A 1-year and 8-month-old girl showed proteinuria and hematuria, but no nephrotic syndrome or macroscopic hematuria, on urinalysis at a nursery school 2 months before a kidney biopsy. Nothing of note was found in her medical history or familial history including IgA nephropathy. It was a necessary requirement for the infant to undergo urinalysis when she entered the day nursery in this area. Close examination and treatment were considered necessary, and the patient was referred to National Kagawa Children's Hospital. Laboratory results were shown in Table 1 . Findings on admission were as follows: height, 81.7 cm; body weight, 10.5 kg; and blood pressure, 95/50 mm Hg. There were no particular general physical or neurological findings or edema. Findings from urinalysis were; proteinuria, 350 mg/dl; renal red blood cell (RBC) count >100/high power field, and specific gravity of the urine, 1.030, from hemogram were; white blood cell (WBC) count, 6,800/mm 3 (neutrocytes: 72.5%); RBC count, 4,110,000/mm 3 ; hemoglobin, 10.7 g/dl; hematocrit, 32.6%; and platelet count, 191,000/mm 3 , for blood chemistry were; serum total protein, 6.1 g/dl; serum albumin, 3.8 g/dl; aspartate aminotransferase, 14 IU/l; alanine aminotransferase, 31 IU/l; lactate dehydrogenase, 310 IU/l; alkaline phosphatase, 571 IU/l; total cholesterol, 270 mg/dl; blood urea nitrogen, 22.7 mg/dl; serum creatinine, 0.25 mg/dl; sodium, estimated GFR; 133.9 ml/min/1.73 mm 2 (bedside Schwartz
, 139 mEq/l; potassium, 5.0 mEq/l; chloride, 108 mEq/l; calcium, 9.8 mg/dl; and C-reactive protein (CRP), 0.3 mg/dl, and from immunological examination were; antistreptolysin O (ASO), 12 IU/ml (normal range < 250 IU/ ml); serum IgA, 67 mg/dl; CH50, 41.2 U/ml; C3, 114.2 mg/ dl; and C4, 13.1 mg/dl. Hepatitis B surface antigen and hepatitis C antibody were negative. The ASO level was 12.0 IU/ml, the condition was not nephritic, no findings suggested autoimmune or infectious diseases, and no hypocomplementemia was noted. Therefore, IgA nephropathy was suspected and a kidney biopsy was performed.
Pathological Findings
From light microscopic findings, a total of 23 glomeruli were counted. Two of these showed globular sclerosis and 1 showed collapse. Two glomeruli were immature. Mild to moderate mesangial cell hypercellularity was noted in all segments of 21 non-sclerotic glomeruli. Mild macrophagic infiltration was also seen in the endocapillary area (Fig. 1a) . On periodic acid-methenamine-silver (PAM) staining, a double contour of the glomerular basement membrane was seen (Fig. 1b) . These were characteristic features of MPGN. Neither fibrosis nor inflammatory cell infiltration were noted in the tubular interstitium. In an immunofluorescent study, frozen sections were incubated for 30 minutes at room temperature with fluorescein isothiocyanate (FITC)-conjugated anti-human IgA, IgG, IgM, C3, and C1q. Strong granular positive staining for IgA, IgG, and C3 was detected in glomerular capillary loops and mesangial regions. C1q was less intensively positive mainly in glomerular capillary loops ( Fig. 2a-d) .
From electron microscopic findings, mesangial cell interposition in dilated subendothelial spaces was seen. Electron-dense deposits were noted in the subendothelial and paramesangial regions. In the mesangial area, mesangial cell hypercellularity and macrophagic infiltration accompanied by endothelial swelling were noted, and as a consequence, the lumen was narrowed in glomerular capillary loops. Podocytes were swollen, and almost 40% of foot processes were effaced. There were no epimembranous deposits or humps in the areas observed (Fig. 3) .
Clinical Course after the Biopsy
For treatment, prednisolone was administered every other day at a dose of 2 mg/kg. Since the patient could not swallow a tablet, the drug was switched to 2 mg of betamethasone syrup every other day to initiate outpatient treatment. Urinary findings gradually improved and remitted 4 months after treatment initiation. Betamethasone syrup administration was initiated at this point because it is longacting and the dose was then reduced to 2 mg/3 days. Urinary protein disappeared after 6 months and erythrocytes in urinary sediments decreased to 5-9/HPF. Urinalysis findings were normalized within 8 months of treatment initiation. Enhanced appetite, moon face, and mild hypertrichosis were noted, but no serious adverse events such as elevations in intraocular pressure occurred. Regarding complications, stomatitis and chickenpox developed but did not aggravate. A two-year treatment was scheduled, and the long-term administration of betamethasone syrup at 2 mg/3 days until the completion of treatment was planned. Light microscopic examination shows diffuse global mesangial cell hypercellularity with a double contour of the GBM. a) On Periodic acid-Schiff staining, mesangial hypercellularity with mild macrophagic infiltration was recognized (arrow). b) On Periodic acid-methenamine-silver staining, the glomerular basement membrane shows a double contour (arrow). Immunofluorescence microscopy showed granular IgA, IgG, and C3 deposition in peripheral capillary loops and the mesangial area. Granular deposit of C1q was weakly shown also as a peripheral pattern.
Fig. 3. Electron microscopy findings.
Electron microscopy shows mesangial cell hypercellularity and macrophagic infiltration in the mesangial area (infiltrating macrophage: arrow head). Podocytic foot process effacement and swelling were observed. Paramesangial and subendothelial electron-dense deposits associated with mesangial cell interposition were noted (arrow). In particular, there were many subendothelial deposits. No epimembranous electron-dense deposits or hump were identified.
Discussion
We encountered a 1-year and 8-month-old girl in whom proteinuria and hematuria without nephrotic syndrome or macroscopic hematuria were incidentally found on urinalysis at a nursery school, and performed a kidney biopsy. No reduction in the serum complement titer was detected at the time of the kidney biopsy. On renal biopsy, mesangial hypercellularity and a double contour of the basement membrane were noted in glomeruli on light microscopy, showing an MPGN-like lesion. On immunofluorescent staining, IgA, IgG, and C3-dominant immune complexes were deposited in the mesangium and glomerular capillary loops. On electron microscopy, electron-dense deposits were noted in subendothelial and paramesangial regions and a dilated subendothelial area was accompanied by mesangial cell interposition. The present case was diagnosed as a variant of IgA nephropathy and its differential diagnosis is described below.
The characteristics of MPGN type I are mesangial hypercellularity, an increased mesangial matrix, and a double-contour of the glomerular capillary wall on light microscopy, and the deposition of immune complexes of dominant C3 with less intensive IgG in the capillary loop wall over the mesangial region (Habib et al. 1974 ). This MPGN-like lesion associated with dominant IgA deposition has been reported previously in children (Habib et al. 1973 (Habib et al. , 1974 Iitaka et al. 2003) . Iitaka et al. (2003) reported a similar case, entitled "IgA-associated glomerulonephritis with membranoproliferative glomerulonephritis-like pattern in two children." In their report, the first case showed IgA predominant deposition and the second showed intensive IgG and IgA deposition with less dominant C1q as seen in the present patient. We believe that these cases can be diagnosed as the early phase of IgA nephropathy for the following reasons. First, these patients showed no signs or symptoms of SLE, Henoch-Schönlein purpura, or a portosystemic shunt. Second, primary MPGN usually shows low serum C3 associated with predominant C3 deposition. Hypocomplementemia is considered to be present in about 50% of cases at the initial onset time and 80-95% during the course (West et al. 1965; Habib et al. 1973; Iitaka et al. 1995) , whereas these patients showed no hypocomplementemia during the entire period. In the present patient, the lack of hypocomplementemia, intensive IgA as well as IgG deposition, and favorable prognosis do not positively support the diagnosis of MPGN. Moreover, prominent IgA deposition on the capillary loop in the present patient is not typical feature of primary MPGN because primary MPGN usually shows less dominant IgA deposition than that of C3 and other immunoglobulins (Iitaka et al. 1995) .
Diseases with glomerular lesions showing endocapillary hypercellularity with IgA deposition for a differential diagnosis include infectious glomerulonephritis and those caused by bacteria, such as group A beta-hemolytic streptococcus, staphylococcus, pneumococcus, and Klebsiella pneumoniae, and viruses such as cytomegalovirus, EB virus, parvovirus, and rubella and measles viruses (D'Agati et al. 2005) . In this patient, infectious glomerulonephritis could not be completely ruled out, because, given the young age of this patient, both the neutrophil count (WBC 6,800/ mm 3 , neutrophils 72.5%) and CRP level (0.3 mg/dl) were also significantly elevated. However, an infection-related test was not thoroughly performed because clinical findings such as palpable purpura, abdominal angina, and digestive tract hemorrhage suggesting Henoch-Schönlein purpura and other infectious diseases were absent. The diagnosis was unlikely to be post-streptococcal acute glomerulonephritis (PSAGN) because there was no episode suggesting preceding infection, ASO elevation, or reduction in the complement level and no hump was noted on electron microscopy. "Full house" positive staining for IgA, IgG, C3, and C1q in glomerular capillary loops and the mesangial region as well as a response to steroid therapy could be suggestive of SLE nephritis. However, there were no clinical signs or symptoms, suggesting systemic lupus erythematosus, and C1q was less dominant than C3, IgA, and IgG with immunostaining. Therefore, lupus nephritis was unlikely even though anti-DNA antibodies were not examined in the patient.
Subsequently, it was necessary to investigate whether this case was IgA nephropathy. IgA nephropathy is defined as chronic glomerulonephritis accompanied by glomerular mesangial hypercellularity, mesangial matrix outgrowth, and predominant IgA deposition in the paramesangial region. In children, IgA nephropathy complicated by endocapillary hypercellularity in addition to mesangial cell proliferation is often noted in the early phase after onset (Utsunomiya et al. 2000) . At this stage, because of glomerular histologic immaturity, mesangial proliferative glomerulonephritis with endocapillary hypercellularity may progress easily to mesangial interposition and appear as an MPGN-like lesion. Clearance of deposited IgA in glomeruli may be slow in children of a young age resulting in subendothelial capillary deposition together with reactive mesangial interposition against these deposits. Reportedly, when IgA deposition extends to the glomerular basement membrane, not limited to the mesangial region, urinary protein levels are high at the time of diagnosis, and the prognosis is unfavorable (Andreoli et al. 1986 ). However, these cases of IgA nephropathy show usually epimembranous IgA deposits as seen in Henoch-Schönlein purpura nephritis, whereas the present case, showing subendothelial deposits, responded to steroids and remitted. Emancipator (1994) proposed morphologic expression of an MPGN-like lesion in IgA nephropathy in his review. It is well known that diffuse endocapillary proliferative glomerulonephritis found in infection-related glomerulonephritis can result in mesangial proliferative glomerulonephritis. Moreover, mesangial interposition will be less prominent after steroid therapy in children. In the case of children's IgA nephropathy too, inflammatory cells mostly remit, and the condition transits from mesangiocapillary glomerulonephritis to mesangial proliferative glomerulonephritis after steroid therapy (Yata et al. 2008 ). The present patient showed similar findings and may possibly progress to typical mesangial proliferative IgA nephropathy. Therefore, we suggest that the present patient was a variant of IgA nephropathy.
Regarding the onset age of IgA nephropathy, it is very rare in those aged 3 years of age or younger (Utsunomiya et al. 2000) . It is unlikely to be diagnosed in infants younger than 3 years of age unless acute nephritic syndrome develops, such as macroscopic hematuria and edema, because infants younger than this do not have an occasion to undergo urinalysis other than a health checkup in Japan (Utsunomiya et al. 2000) . Accordingly, fewer infants younger than 3 years of age have been diagnosed with IgA nephropathy. Yata et al. (2008) identified the disease in a 2.5-year-old infant, suggesting that the development of this disease can be found at around 2 years of age. As for the 2311 cases in the Japan Renal Biopsy Registry from 24 institutions between July 2007 and December 2008, the number of IgA nephropathy patients under 6 years old was 5, and the youngest patient of IgA nephropathy was 4 years old (Sugiyama et al. 2011) . As far as we investigated onset age, our patient may be the youngest among the reported cases of IgA nephropathy. Therefore, the present report provides invaluable information for etiology and the generating mechanism of IgA nephropathy.
